On the basis of duality, we discuss the region of interaction responsible for meson-baryon scattering in the backward direction. § I. Introduction
all the partial waves contribute with the same sign to the imaginary part of F(cos () = 1) and give rise to the diffraction peak in the forward direction. Then, one can easily suppose that the Pomeron term responsible for the forward peak involves significant contributions from all partial waves l<ka, where 7J1± and o1± are the absorption parameters and phase shifts, respectively, for the J = l ± i states, k is the center-of-mass momentum and a is the radius of interaction 1 l (a "'10-rscm).
In backward scattering, on the other hand, the partial waves with odd l and those with even l contribute to the imaginary part of F(cos () = -1) with opposite sign relative to each other. If the baryon resonances consist of the parity doublets and if each parity doublet with the same J and opposite parity has approximately equal values of mass, total width and elasticity, such parity doublets have nothing to do with backward scattering (particularly with the structure in elastic scattering at 180°). The purpose of this paper is to discuss the region of interaction responsible for backward scattering on the basis of duality and to emphasize that there are the reactions whose amplitudes in the backward direction are dominated by the most peripheral partial waves within the radius of interaction, although backward scattering usually takes place through interaction of the l~ka waves.
As is well known, the usual invariant amplitudes (2) and it follows from duality that the second term with the signature factor r (the first term without r) in Eq. (2) corresponds to the direct-channel resonant amplitude (the resonant amplitude in the t-channel).
We can easily suppose that the process of baryon (B) -exchange (or the B*-exchange) responsible for backward scattering mainly takes place through strong interaction in an inner (central) region of the interaction radius. According to the dual absorptive model, 3 l however, the direct-channel resonant amplitude is dominated by the peripheral partial waves. As the second term with r is dual to the direct-channel resonant amplitude, it is the first term irrelevant to the schannel resonances that gives us important information about meson-baryon interaction in the inner region. From the above considerations, we can say as follows: In the expression of the Regge amplitude in the backward direction, the second term with r in Eq. (2) is dominated by the l"'ka partial waves, while the first term without r is dominated by the l~ka waves.*l
In the description of backward K+ -P elastic scattering, for example, the Regge amplitude turns out to be real and is dominated by l~ka partial waves, since the absence of exotic resonance (Z*) leads to the so-called exchange degeneracy between the baryon trajectories with opposite signatures. point is based on the weak-cut model as well as the Regge-pole model.
Our viewAlthough it may be necessary to examine the backward scattering amplitudes in the strongcut model or to consider the case in which the combination of the Regge poles and cuts is dual to the s-channel resonances, the study in such a case is beyond the scope of this paper. § 2. Backward 7r·p elastic scattering In order to examme the relation between the backward scattering amplitudes m the s-and u-channels, first we state the kinematics for these amplitudes. When the Regge amplitudes (the spin-nonflip and spin-flip amplitudes} due to the .::11 and N; trajectories (the suffix i means a, {3, r or iJ) in the u-channel are denoted by F,~ and FN, the backward scattering amplitudes T 812 (s) and T 1; 2 (s) with I= 3/2 and I= 1/2, respectively, in the s-channel can be expressed in terms of the linear combinations of F,~ and FN. That is, *> Schmid4> has adopted the Regge-pole model and has considered that (i) only the imaginary part of the (non-Pomeron) Regge amplitude is peripheral and (ii) the Regge term irrelevant to the direct-channel resonances is central. His viewpoint is not inconsistent with ours, so far as the description of backward scattering is concerned. For the forward amplitude, however, there is a large difference between them, because in our viewpoint, the term without the signature factor -r in the expression of the forward Regge amplitude (except for Pomeron term) may be peripheral as was shown in our study5> of the Regge amplitude for K+n charge exchange scattering in the forward direction.
Based on the experimental results that the behavior of the 180° n+ -P cross section 6 l follows very closely the shape of the n--p cross section 1 l but differs by a factor of 10 in magnitude, Carroll et al. 6 l have concluded that there is a near cancellation of the I= 112 state at 180° throughout a region from 1.5 to 3.5 Ge VIc, owing probably to the cancellation of the effects due to the Na and Nr trajectories. If this is the case, dfJ I d.Q(180°) of n--P charge-exchange scattering has the properties similar to those of dfJ I d.Q(180°) in n± -P elastic scattering and there is the following relation between the cross sections for these reactions at 180°: (5) According to the recent data 8 l for the 180° n--P charge-exchange cross sections in a region from 2 to 6 Ge VIc, there seems to be no large discrepancy between the prediction given by Eq. (5) and the experimental result,*l although the relation (5) does not hold exactly.
From this and from the fact that the structure of dfJ I d.Q(180°) for n± -P scattering 6 l• 7 l or 7r 0 photoproduction 9 l can almost be described in terms of the resonant amplitudes for the I= 312 state only, we can say the following: The direct-channel resonant amplitudes with I= 112 (for instance, the amplitudes due to the N 112's belonging to the Na and Although backward n±-p scattering has been described in terms of the Regge amplitudes due to the .d8 and Na trajectories, 11 l by such a treatment it is impossible to satisfy the condition mentioned above. When we use the Regge parameters given by Berger and Fox,~l the sum of the terms with the signature factor r in the Regge amplitude [(413)F,-(113)FN] has a small value. This is because they have considered the contributions not only of the .d8 and Na trajectories but also of the N 7 trajectory and have adjusted the values of parameters so that good fits to all available data (including the data for n--p charge-exchange scattering) may be obtained. If the effects of the Na, Nn .dp and J8 trajectories on backward n-P scattering are taken into account,***l we can expect that the *l The difference between them is regarded in this paper as the effect of the non,resonant background with 1=1/2 in the s·channel. **l This is not inconsistent with the following model suggested in a previous paper.tlh Approximate parity degeneracy does hold for all the Nf,2's, while it does not hold for the Nft2's.
***l Previously we have emphasized that in the baryon trajectories, the. a and r trajectories (the above condition for the Regge amplitudes can approximately be satisfied. From the above properties of the resonant amplitudes for backward n-P scattering, we can say that the T 1;2(s) is dominated by the l~ka partial waves, while there are large contributions not only from the l~ka partial waves but also from the l~ka waves to the Ta12(s). § 3. Backward n:-B elastic scattering
Although it is difficult to get experimental data for n-E scattering (n-~ or n-A scattering), we think it worth while to study the properties of n-E interaction (n-Y interaction) responsible for backward scattering from a theoretical viewpoint. The relation between the n-E scattering amplitudes in the s-and uchannels is similar to that between the n-P scattering amplitudes. That is, (6) Because of the absence of exotic resonance E3~2 with I= 3/2, we have no Regge amplitude Fa;2 and Eq. (6) trajectories), and the F 1;2 turns out to be real, because the terms with the signature factor r in the expression of F 112 are cancelled out by the contributions from the trajectories with opposite signatures. Thus, the T 112 (s) is also real, as is seen from Eq. (6'). We now wish to emphasize the following: It might be supposed that the peripheral collision could be regarded as one of the reaction mechanisms for backward n-E scattering, because there are many resonances in the n-E system and because the direct-channel resonant amplitude is dominated by the peripheral partial waves. In fact; however, backward n-E scattering takes place through only the strong interaction in an inner region of the interaction radius. In other words, both Ta12 (s) and T112 (s) are dominated by the l~ka partial waves. § 4. Backward n:-~ (n:-.. 4 
) elastic scattering
Along the same line with the above approach to backward n-p (n"E) scattering, we can study backward n-~ elastic scattering. When the Regge amplitudes due to the Y (Y*) trajectories with I=2, 1 and 0 are denoted by F 2, F 1 and F0, respectively, the backward scattering amplitudes T 2(s), T 1(s) and T 0 (s) with I= 2, 1 and 0 in the s-channel can be expressed by the linear combinations of F 2, F 1 and F 0• Because of the absence of exotic resonance Y2* in the n-~ sys-tern, we have no Regge amplitude F 2• Thus, we <;>btain the following relations:
To(s) = -F1+ (1/3)Fo.
(7) As is well known from the Regge-pole study of K±-N scattering, the .Sa and .S 7 (the .S 13 and .Sa) or the Aa and Ar trajectories are degenerate. By making use of the properties, ·we develop our discussions about the residues of the Regge amplitudes. Since there is no direct-channel resonance Y2 * in the n-.S system, the Regge amplitude [ (1/2) F 1 + (1/3) F 0] must be real ( cf. Eq. (7)). In order to satisfy this condition independently of energy, the residue function of these trajectories with opposite signatures must be also degenerate, that is, strong exchange degeneracy.
Then, both F1 and Fo are real. Thus, it may be said that (i) the backward n-.S scattering amplitude is dominated by the Z<.ka partial waves and (ii) not only T2(s) but also T 1(s) (or T 0 (s)) is real, as is seen from Eq. (7). This leads to the prediction that the polarization P(O) in n-.S elastic scattering is equal to zero in the backward direction. Although there are many direct-channel. resonances belonging to the .S 13 and .Sa (the .Sa and Ir) or the Aa and Ar trajectories, their effects on backward n-.S elastic scattering are cancelled out each other.
For n-A interaction, on the other hand, it is difficult to get from simple duality any definite conclusion about the partial waves responsible for the backward n-A elastic scattering. § 5. Backward Regge amplitude for the reaction with exotic t-channel
Let us consider the n-p~K+ .s-reaction whose t-channel is exotic. The reaction in the backward direction can be described in terms of the Regge amplitudes F1 and F 0 due to the Y1* and Y0* trajectories, respectively. That is ( -1/2)Fl + ( V1/6)Fo.
Since the term without the signature factor r in the expression of the Regge amplitude (cf. Eq. (2)) corresponds to the resonant amplitude in the t-channel and since the t-channel in the n-p~K+ .s-reaction is exotic, the backward amplitude for the reaction can be expressed by the sum of the terms with r corresponding to the direct-channel resonant amplitudes. This enables us to say the following: The backward amplitude for the n-p~K+ .s-reaction is dominated by the l"'ka partial waves.
For the K-p~n+ .s-or K-p~K+ g-reaction in the backward direction, the similar conclusion can be obtained, because the t-channel for the reaction is also exotic.
Finally we discuss the amplitudes for the K-p~n± .s~ reactions in the for-ward (backward} direction. When the reaction amplitudes with I= 1 and I= 0 in the s-channel are denoted by T 1 and T 0, respectively, the T 1 (To) at cos tl = 1 consists of the amplitudes :EzT1,21 and :EzT1,21+1 C:EzTo,21 and :EzTo,2Z+r) due to the 2l and (2l + 1) partial waves, respectively. And the amplitudes for the reaction at cos e = ± 1 can be expressed as follows:
[F(K-p~n-+ ,I;-) ]cos8=±1 = -(;) :L;(T1,21± T1,21+1) +A :E (To,2! ± To,:Z+l), This model leads to the prediction that the backward cross section for the K-p~n-+ ,I;-reaction is predominantly larger than that for the K-p~n--.J:+ reaction. This is consistent with the results 18 l which have been obtained in a previous paper by using the experimental data for the resonance parameters of the well-established Y1*'s and Yo*'s.
